How does access to credit impact consumption volatility? Theory and evidence from advanced economies suggests that greater household access to finance smooths consumption. Evidence from emerging markets, where consumption is usually more volatile than income, indicates that financial reform further increases the volatility of consumption relative to output. We address this puzzle in the framework of an emerging economy model in which households face shocks to trend growth rate, and a fraction of them are credit constrained. Unconstrained households can respond to shocks to trend growth by raising current consumption more than rise in current income. Financial reform increases the share of such households, leading to greater relative consumption volatility. Calibration of the model for pre and post financial reform in India provides support for the model's key predictions.
Introduction
Emerging economies have been seen to witness an increase in consumption volatility relative to output volatility after financial development. This behaviour appears puzzling since traditional models and evidence from advanced economies suggests that consumption should become smoother after credit constraints are reduced. This puzzle can be explained in a model featuring credit constraints and shocks to trend growth of productivity. The model predicts that relative consumption volatility rises when more consumers can smooth consumption.
The presence of credit constraints in an economy explains the excess volatility of consumption and its sensitivity to anticipated income fluctuations. A model featuring credit constrained consumers predicts that consumption cannot be smoothed fully. But in such a model the volatility of consumption can be at least as high as income volatility, or at most one. Further, if constraints are eased the model predicts a reduction in relative consumption volatility.
Another feature of emerging economy models is the presence of shocks to trend growth of productivity. When households anticipate a higher growth rate of income which eventually leads to a rise in future income, they respond to this permanent income shock by increasing current consumption more than the rise in current income via borrowing against the future income or reducing current savings. As a result, consumption fluctuates more than income in emerging economies. This feature results in the relative volatility of consumption in emerging economies becoming greater than one.
A common feature of reform in emerging economies is financial sector reform. The increase in the access of households to finance resulting from reform allows households to smooth consumption over their lifetimes. But at the same time, emerging economies witness shocks to trend growth. The combination of the response of households to shocks to trend growth and the easing of credit constraints can yield an increase in the relative volatility of consumption.
The goal of this paper is to understand the joint impact of easing of liquidity constraints and shocks to trend growth on consumption volatility. We present a model in which some households do not have access to finance. They can neither save nor borrow. These credit constrained households cannot smooth consumption over their lifetimes. The rest of the households in the economy are unconstrained and respond to a perceived income shock by smoothing consumption. Shocks to income that are perceived to be permanent lead to an increase in current period consumption higher than the increase in current period income. Only unconstrained households can smooth consumption. Constrained households can only increase consumption by the amount income has increased. Financial sector reform gives more households access to finance. Now more households become unconstrained and can respond to the income shock that they perceive to be permanent. The key prediction of this model is that financial development in an emerging economy leads to an increase in relative consumption volatility.
This prediction can be tested. We calibrate the model to Indian data for pre and post reform years, where we keep all other parameters constant and only change the share of credit constrained consumers. We find support for our model's key prediction.
Our paper makes a contribution towards understanding the joint impact of financial development and shocks to trend growth on consumption volatility. It contributes to a growing literature that studies the effects of financial frictions on volatility. Earlier work mainly analyses the effect of domestic financial system development on output and consumption volatility through its effect on firms (Aghion et al., 2003 (Aghion et al., , 2010 . Some papers focus on the impact of financial globalisation on volatility (Aghion et al., 2003; Buch et al., 2005; Leblebicioglu, 2009 ). The effect of domestic financial system development on output and consumption volatility is explored in a limited strand of literature. Iyigun and Owen (2004) propose a theory of income inequality in rich and poor countries as the cause of consumption volatility whose mechanics partly resemble those of our theory, once appropriately re-interpreted.
Our model takes into account the broadly acknowledged fact that in emerging economies all consumers do not have access to finance (Honohan, 2006) . The framework includes shocks to trend growth as in Aguiar and Gopinath (2007) . Liquidity constrained households are modelled as in Hayashi (1982) ; Campbell and Mankiw (1991) .
The rest of the paper is organised as follows. Section 2 presents evidence on relative consumption volatility and financial development in emerging economies. Section 3 presents the model and its predictions. Section 4 contains the calibration exercise. Section 5 concludes.
2 Consumption volatility and financial development Recent empirical evidence on emerging economy business cycles shows an increase in the volatility of consumption relative to that of output after financial sector reform in Asia, Turkey and in India (Kim et al., 2003; Alp et al., 2012; Ghate et al., 2011) .
We measure relative volatility of consumption in the pre and post financial sector reform period for a number of developing countries. The choice of the date on which reform took place is based on Kim et al. (2003) ; Singh et al. (2005) ; Rodrik (2008) ; Alp et al. (2012) ; Aslund (2012) . The analysis is based on annual data for a set of emerging economies. The span of the analysis varies across countries given the availability of the data. Table 10 in Appendix I lists period of analysis for each country. Table 1 shows the reform date and the volatility of consumption relative to that of output in the pre and post reform period. It shows that many emerging economies exhibit similar behaviour in that relative consumption volatility increases after reform.
Financial development has been a major component of reform. Table 2 shows the density of commercial bank branches and depositors with commercial banks in the beginning and in the end of the last decade in emerging economies. It indicates an increase in access of households to finance. Figure 1 shows the trend in a commonly used indicator of financial development, namely, total bank deposits to gdp for a set of emerging economies.
1 It shows a rise in the average bank deposits to gdp ratio for the set of emerging economies. The rising trend in the ratio is also visible for individual countries (Figure 1) .
The above evidence suggests that the relative volatility of consumption rises after financial sector reform. This appears puzzling and cannot be explained by the existing literature. It supports the evidence in Kim et al. (2003) ; Alp et al. (2012) ; Ghate et al. (2011) who allude to the increase in relative consumption volatility after financial sector reform. 3 Credit constraints and consumption volatility: Theoretical framework
The theoretical literature on finance and macroeconomic volatility explores how financial integration and financial development affect output and consumption volatility through the channel of firms and households (Bernanke and Gertler, 1989; Greenwald and Stiglitz, 1993; Aghion et al., 2003; Iyigun and Owen, 2004; Buch et al., 2005; Leblebicioglu, 2009; Aghion et al., 2010) . The effect of financial integration on macroeconomic volatility dominates the literature. A limited strand of literature explores the role of domestic financial development in determining the pattern of macroeconomic fluctuations and the bulk of it focus on the channel of firms (Bernanke and Gertler, 1989; Greenwald and Stiglitz, 1993; Aghion et al., 2010) .
The early literature predicts that financial development reduces macroeconomic fluctuations (Bernanke and Gertler, 1989; Greenwald and Stiglitz, 1993) . More recent literature suggests that the nature of relationship between financial development and macroeconomic volatility can be non-linear Aghion et al. (2003) and may depend on several factors, such as the composition of short-term and long-term investments in the economy (Aghion et al., 2010) .
The model
Consider a closed economy populated by a continuum of infinitely lived households and firms, both of measure unity. There exist a fraction λ of households with no access to banking or other instruments to save. These consumers, who may be referred to as non-Ricardian households, are liquidityconstrained and unable to save or borrow to smooth consumption. They have no assets and spend all their current disposable labour income on consumption in each period.
Labour supply is inelastic as no labour-leisure choice is made by the representative household. In an emerging economy it is reasonable to assume that households allocate their available labour-time to production as much as possible. Hence, the representative household supplies one unit of labour inelastically.
Both Ricardian and liquidity-constrained households have identical preferences defined over a single commodity,
where C i t denotes total consumption of the household of type i. Ricardian households are indexed as R and liquidity constrained households as L.
A Ricardian household maximises discounted stream of utility
subject to the following budget constraint,
where β ∈ (0, 1) denotes the subjective discount factor. Here C R t is total consumption of the Ricardian household in period t. The variables I R t and K R t denote investment and capital stock of the household respectively. The economy-wide return to capital and wage rate are given by R t and W t . In each period the Ricardian household divides her disposable income comprised of wage and rental income into consumption and savings.
The stock of capital of the representative Ricardian household evolves via the following law of motion,
The investment is subject to quadratic capital adjustment cost as in Aguiar and Gopinath (2007) .
Households who do not have access to financial services cannot save or borrow. Their behaviour is thus different from that of Ricardian consumers. Liquidity constrained households maximise instantaneous utility log C L t subject to the following budget constraint in each period,
where C L t is total consumption of the liquidity constrained household in period t. In each period, a liquidity constrained household consumes its entire disposable income comprised of wage income.
The aggregate consumption is the weighted average of consumption by the liquidity-constrained households and the Ricardian households. The weights are the share of each type of households in the population.
The aggregate capital stock and investment are respectively the following
A representative firm produces a homogeneous good, by hiring one unit of labour from households and combining it with capital. The aggregate output is produced by Cobb Douglas technology that uses capital and unit labour as inputs,
where α ∈ (0, 1) represents labour's share of output and e at denotes the level of total factor productivity. Here Γ t is the labour productivity. The two productivity processes are characterised by the following stochastic properties: total factor productivity evolves according to an AR(1) process as follows:
with |ρ a | < 1 and a t represents iid draws from a normal distribution with zero mean and standard deviation σ a .
Following (Aguiar and Gopinath, 2007) , the growth rate of labour productivity Γ t is defined as
The growth rate of labour productivity g t follows an AR(1) process of the form:
The resource constraint of the economy is given by
In a closed economy, total output is allocated between total consumption and investment as indicated by equation (12) Since the realisation of g permanently influences Γ, output is non-stationary with a stochastic trend. We detrend output, consumption, investment and capital stock by normalising these variables with respect to the trend productivity through period t−1. For any variable X, its detrended counterpart is defined as
With the initial capital stock K 0 , the competitive equilibrium is defined as a set of prices and quantities
, given the sequence of shocks to tfp and labour productivity growth, that solves the maximisation problem of the household, optimisation by the firms and satisfies the resource constraint of the economy.
Predictions
After normalisation of the variables by labour productivity in the previous period, the system of equations driving the dynamics of the model economy become
The first equation in the system of equations (13) describes intertemporal allocation of consumption by the Ricardian consumers where Ω t is the gross return to capital. The third equation pertains to the resource constraint of the economy, after taking into account the consumption of liquidity-constrained households as in equation (5), total consumption, stock of capital and investment in the economy given in equations (6), (7) and making use of the fact that
Log-linearisation of the above system of equations around the steady state yields,
where the cyclical component of a variable x t is defined asx t = ln x t − ln x * and x * denotes the steady state value of x t . 2 The steady state growth rate of labour productivity is the long term average trend growth rate µ g .
The solution of the system of equations (14) takes the form
The unknown parameters (
2 ) are functions of (β, α, δ, λ, µ g ) and are solved using the method of undetermined coefficients. 3 The solution (15) of the dynamic system indicates that each endogenous variable in time t is a linear function of the state variables (k R t , a t , g t ). For the system to satisfy transversality condition, i.e., convergence of the system to the steady state over time, k R t must converge to zero following a shock. That is, a 1 must satisfy the condition a 1 < 1.
Given the total consumption of the economy as in equation (6), and making use of the equation (5) and the fact that W t = αY t implyingc L t =ỹ t , one can arrive at the volatility of consumption relative to output as,
Here the fluctuations in a Ricardian household's consumption and total output
are derived from the solution system (15) and the log-linearised expression of output in equation (8). The last two equations in the system of equations (14) yield volatility of transitory and permanent income shocks as σ
The effects of transitory and permanent income shocks on the volatility of consumption in the economy relative to volatility of output can be summarised as follows.
Proposition 1 With everything else remaining unchanged, (i) Volatility of consumption of a liquidity constrained household relative to output volatility is always unity, i.e.,
(ii) Due to a transitory shock in income, both volatility of consumption of a Ricardian household relative to output volatility and the volatility of total consumption relative to output volatility are lower than 1, irrespective of the share of liquidity constrained households in the population, i.e., σc R σỹ < 1 and
(iii) Due to a shock to the trend growth of income, volatility of consumption of a Ricardian household relative to volatility of output always exceeds 1, irrespective of the share of liquidity constrained households in the economy, while the volatility of total consumption relative to output volatility depends on the share of liquidity constrained households in the economy, i.e., σc R σỹ > 1, and
(iv) In the presence of shock to the trend growth rate, both volatility of consumption of a Ricardian household relative to output volatility and the volatility of total consumption relative to volatility of output increases when the share of liquidity-constrained households in the economy decreases, i.e., 
The proof of the Proposition 1 is presented in the Appendix II in detail.
Liquidity constrained households who have no access to savings instruments can respond to any change in income by changing consumption by the amount of changed income. Hence volatility of consumption of a liquidity constrained household relative to output volatility is always one irrespective of the nature of shock.
In response to a transitory income shock, a Ricardian household smooths consumption by re-allocating changed income between consumption and savings. Hence consumption fluctuates by a lesser amount compared to income fluctuation. Hence consumption volatility of a Ricardian household relative to output volatility is always less than one irrespective of the level of financial development. Relative volatility of total consumption when total consumption is a weighted average of the relative consumption volatility of a Ricardian household and that of a liquidity constrained household is also less than one in all states of financial development.
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Ricardian households perceive a rise in income in the future following a permanent income shock. They respond to it by raising current consumption more than the rise in current income by borrowing against future income or reducing current savings. Thus relative volatility of consumption of a Ricardian household with respect to output volatility is greater than one. Relative volatility of total consumption when total consumption is a weighted average of the relative consumption volatility of a Ricardian household and that of a liquidity constrained household may be smaller or higher than 1 depending on the size of λ.
Financial development reduces the share of liquidity constrained households in the economy and hence allows more people to respond to the permanent income shock by raising current consumption more than the rise in current income. As a result, volatility of total consumption relative to output volatility increases with financial development.
Combining these observations, the main theoretical prediction of our model can be stated as follows.
Main prediction: Other things unchanged, under the occurrence of permanent income shock, financial development leads to a rise in the volatility of consumption in the economy relative to output volatility.
We test this prediction by calibrating the model economy to Indian data.
Figure 2 Financial development in India
This figure shows the behaviour of some financial development indicators in India. The ratio of total number of bank accounts in the economy to total population, the number of bank branches in 100,000 population, bank deposit to gdp ratio and private credit to gdp are all seen to rise. The dashed lines show the mean values before and after financial reforms. We test our hypothesis for an emerging economy where relative consumption volatility shows an increase after witnessing of financial sector development.
Bank deposit to GDP ratio
4 Case study
Evidence for India
We calibrate the model for India, an emerging economy which has witnessed financial sector reform. Ang (2011) finds that financial liberalisation increases fluctuations in consumption in India during 1950-2005. Also, relative to income volatility, consumption volatility in India increased after reform (Ghate et al., 2011) .
India has witnessed development of its domestic financial sector in the post reform period, while remaining fairly closed in terms of capital account openness even after the reform. Thus India serves as an example of an emerging Figure 2 shows the expansion of financial services in India from the pre to post-reform periods. Interestingly, the country witnessed a small decline in banking services before witnessing a sharp increase. This period is included in the post reform sample to achieve reasonable sample size.
We simulate this model for the pre and post-reform periods, keeping all deep parameters, except the share of non-Ricardian households the same for both periods. Expansion of the financial services is captured by a lower value of the share of liquidity-constrained households in the post reform period. In this way we seek to identify one of the key factors which may explain the differences in relative consumption volatility between pre and post financial reform periods. We simulate the model for two different values of the share of liquidity constrained households and compare the simulated business cycle moments with business cycle stylised facts observed in pre and post reform India.
We calculate key business cycle moments for per capita output, consumption and investment at annual frequency. Output, consumption and investment are measured by real gdp at factor cost, private consumption expenditure and gross fixed capital formation for the period 1951-2012. To examine the transition in the business cycle stylised facts, the sample is divided into pre , and post reform periods (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) ). Key business cycle moments are obtained from the hp-filtered cyclical components of per capita output, consumption and investment.
The change in business cycle facts for the Indian economy from 1951-2009 are depicted in Table 3 . Per capita Real gdp has become less volatile in the postreform period in India. The level of volatility is still high and comparable to emerging economies. The absolute per capita consumption volatility as well as the relative consumption volatility with respect to output increased in the post-reform period. Per capita investment volatility, both absolute, Relative consumption volatility Mean of first period Mean of second period and relative to output volatility show a small increase in the post-reform period. Contemporaneous correlation of consumption and investment with output has increased in the post-reform period. No significant persistence in the output and consumption cycle is seen in the pre-reform period. In the post-reform period, output and consumption cycle are observed to have higher persistence. Persistence in the investment cycle shows a small decline in the post-reform period.
There has been a sharp increase in access to finance after reforms. The ratio of bank account in total population was merely 20% in 1980, it has jumped to above 70% in 2010, except for a period of decline in the trend during 1990-2005. Similarly bank branches per 100,000 population in 2010 have more than doubled the value in 1970.
As seen in Table 3 relative consumption volatility in India has risen from 0.83 during 1951-1991 to 1.14 during 1992-2012. Thus after improved access to savings instruments and credit, fluctuations in consumption relative to fluctuations in income has increased. Figure 3 shows the trend in one of the key variables of our analysis, namely, relative consumption volatility. The figure shows that the mean of relative consumption volatility has increased in the post reform period. Table 4 summarises the benchmark parameter values used in our calibration exercise. The access of households to banking is captured by the number of bank accounts to population. Hence the proxy for λ, i.e., the share of liquidity constrained households is derived from this ratio.
Calibration
The number of bank accounts to population ratios in 1980 and 2010 are used to calibrate the share of liquidity constrained households in the pre and post reform periods. In 1980 21.4% of the population had access to banking. Thus the share of households without access to finance, i.e., λ was 0.786 in the pre reform period. In 2010 66.9% of the population had access to banking services, or λ rose to 0.331 in the post reform period.
We follow the existing literature in choosing some of the other parameter values. A period is a year. The discount rate β is set to 0.98 as in Aguiar and Gopinath (2007) . The share of labour α for India is 0.7 as in (Verma, 2008) , while the rate of depreciation is 5% as in Virmani (2004) .
We estimate µ g − 1, the mean trend growth rate of labour productivity and find it to be 4.7%. We also estimate the shock processes of tfp and growth in labour productivity for India. This analysis is described in the following sections.
Shock process in the total factor productivity series
In order to obtain the amplitude and persistence of the shock process, we obtain a measure for the Total Factor Productivity (tfp) for the Indian economy over the span of years 1980-2009. We compute the aggregate tfp series as the weighted average of sectoral tfp series using sectoral gdp and the net fixed capital stock data and a time series for employment using nsso data.
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Using the sectoral shares (w j s ) of capital, labour and land in agriculture, industry and services from Verma (2008) , shown in Table 5 , we measure the sectoral tfp series as
where n s is the number of inputs used in sector s. Here s denotes major sectors constituting the economy namely, agriculture, industry and services, Y represents real gdp and X j denotes factors of production in the respective sector. For example when, s = agriculture, j = land, physical capital, labour. When s = industry, services, j = physical capital, labour.
Aggregate tfp is measured as a weighted average of the sectoral tfps as following:
where γ s denotes the share of sector s in total gdp. Next, we de-trend the tfp series using a quadratic trend regression. Finally, we fit an AR(1) model on the cyclical component of TFP to obtain the persistence parameter and the standard deviation of the residual.
Shock process in the growth of labour productivity
Using sectoral real gdp and labour force data, we obtain the annual time series of sectoral and aggregate labour productivity for India based on the following:
The gross growth rate of labour productivity
Next, we de-trend the growth of labour productivity using a trend regression. The mean trend net growth rate over the period 1980-2009 turns out to be µ g − 1 = 4.7%. Finally, we fit an AR(1) model on the de-trended component of labour productivity growth to obtain the persistence parameter and the standard deviation of the residual.
Effect of financial development on relative consumption volatility
Our model predicts that a decline in the share of liquidity-constrained households in the population would allow more people to respond to permanent income shocks. They can increase current consumption more than the rise in current income. This is predicted to result in a rise in the relative consumption volatility. Table 6 presents our main findings. Relative consumption volatility shows a rise in the post reform period. This result supports our key prediction. Since financial development allows more people to access savings instruments, when households perceive a permanent income shock which raises both current and future income, more people can respond to the shock by reducing current savings and raising current consumption more than the rise in current income. As a result of financial development, the volatility of consumption relative to volatility of output rises.
Although our model successfully replicates the direction of the changes in relative consumtion volatility, the magnitude of the rise is small. In a closed Table 7 Business cycle correlation and persistence from the simulated model economy framework, the channel of financing consumption via foreign borrowing is absent. As a result, the model may under-predict the rise in relative consumption volatility compared to the rise observed in the data. Similar caveats exist in the literature. Heathcote and Perri (2002) , in the process of comparing cross-country business cycle features under financial autarky and financial integration, found little difference in business cycle moments under alternative scenarios.
Our model also replicates the pattern of changes in absolute output and consumption volatility, although in terms of magnitude, the changes are not substantial. Table 7 shows that the simulated correlation of consumption and investment cycles with the output cycle and their persistence matches broadly with the pattern of correlation and persistence observed in the data. Finally, Figure 4 shows that our model replicates the cyclical pattern in output and consumption fairly well.
Figure 4 Actual and simulated cycles
This figure compares cyclical movements in per capita gdp, consumption expenditure and investment in the pre and post-reform periods with simulated output, consumption and investment cycles for these two periods.
Pre-reform
Post-reform Table 9 Sensitivity analysis with respect to the financial development parameter
This table shows that business cycle moments from the simulated model for the pre and post-reform period using the alternative measure of λ based on deposit to gdp ratio are broadly unchanged. 
Sensitivity to the measure of financial development
In the above analysis we measured financial development as the share of the population with bank accounts. As a robustness check we now use another measure of financial development, the bank deposit to gdp ratio to obtain the fraction of liquidity constrained households in the economy. By this measure, λ = 0.687 is in the pre-reform period and 0.305 in the post liberalisation period. Table 8 and 9 shows that key moments from the business cycle model for the pre and post-reform periods based on an alternative measure of λ. are similar to those of the benchmark model.
Conclusion
Emerging economies have been seen to witness an increase in consumption volatility relative to output volatility after financial development. This behaviour appears puzzling since traditional models and evidence from advanced economies suggests that consumption should become smoother after credit constraints are reduced.
A distinguishing feature of the developing economies is that a large share of the population does not have access to finance. In the last two decades, these economies have experienced reforms in the financial sector giving greater access to financial services for households and firms. Yet, these economies experienced an increase in consumption volatility relative to output volatility in the post-reform period. This paper addresses this empirical puzzle. This puzzle can be explained in a model featuring credit constraints and shocks to trend growth of productivity. The model predicts that relative consumption volatility will rise when more consumers can smooth consumption.
The model, when simulated for India before and after an increase in financial development broadly replicates the rise in the relative consumption volatility as observed in the data. Other empirical regularities observed from the data are also replicated by this model.
Our framework represents a closed economy, as the concept of financial development is limited to domestic financial development. There exists a significant strand of literature exploring the role of financial liberalisation, financial integration, inter-linkage of financial openness and domestic financial development on macroeconomic fluctuations. It will be interesting to examine how increase in households' access to foreign financial instruments affects consumption-smoothing behaviour in our framework for an emerging economy. Finally, our model assumes that the household sector is the sole channel for the financial development to work. This is one plausible reason for our model's weak performance in replicating the business cycle patterns with respect to investment. By including credit-constrained firms in our framework, one can examine the role of financial development further.
B Appendix II B.1 Solution of the log-linearised system of equations using method of undetermined coefficients
The log-linearised system of equations spanning the dynamics of the model economy is as follows:
The solution of the system of equations (B.1) takes the form
2)
The unknown parameters (a 1 , b 1 , d 1 , a 2 , b 2 , d 2 ) are functions of (β, α, δ, λ, µ g ) are solved using the method of undetermined coefficients where the condition for convergence requires a 1 < 1. Substituting solution (B.2) in the first equation in the system of equations (B.1), we have
Re-arranging the terms yields
where the steady state value of consumption of a Ricardian household, and the steady state value of the output are respectively c R * =
, given the steady state value of capital stock of a Ricardian household is,
The steady state expression of stock of capital of a Ricardian household is derived from the Euler equation and the expression of gross return to capital given in the equation system (13) assuming that in the steady state, all variables normalised by the labour productivity of the previous period remain constant along the steady state, i.e.,k
The steady state growth rate of labour productivity is the long-run average trend growth rate µ g . Also, the steady state is free of any transitory movement in the total factor productivity, hence, a t = a t+1 = 0. Given the value of k R * , the steady state value of consumption c R * is derived from the resource constraint equation in (13). It then follows from equations (5), (8), (6) that the steady state consumption of the liquidity constrained households and the total consumption are respectively c L * = αy * and c
Substituting the solution (B.2) in the second equation of (B.1), and making the use of E t−1 a t = ρ a a t−1 and E t−1gt = ρ ggt−1 yields
Again, substituting expression (B.4) in the expression (B.8), and rearranging the terms yields a quadratic equation in a 1 ,
where
The solution of the above quadratic equation is
If there is no friction in the credit market so that the entire population can access financial services and hence smooth consumption, then λ = 0. Then the product of the two roots in expression (B.12) is γ 2 = 1/β > 1, where the value of γ 2 is obtained by evaluating expression (B.11) at λ = 0. Again, as lim λ→0 γ 2 → ∞. Hence, the product of the two roots as in the expression (B.12) γ 2 is always greater that 1, irrespective of the value of λ. Therefore it follows that the larger one must exceed 1 and only the smaller one can possibly satisfy the convergence condition a 1 < 1. Hence, the solution of the quadratic equation (B.9) iŝ
Given this solution of a 1 , from equations (B.4), (B.5),(B.6), (B.7), (B.8), (B.9) and making use of the steady state values (k R * , c R * , y * ), one can solve
c R * (1 +d 1 ) (B.14)
We demonstrate a proof of Proposition (1) through a numerical analysis. The volatility of consumption and output are computed using the expressions in (B.10), (B.11), (B.13) and (B.14) evaluated with values of deep parameters, the steady state growth rate and the persistence parameters of technology and growth shock structures used in the simulation exercise in section 4. The values of the parameters in the numerical exercise are β = 0.98, α = 0.7, δ = 0.05, µ g = 1.047, ρ a = 0.495, and ρ g = 0.261.
B.2 Proof of Proposition 1.(i)
Log-linearisation of c 
B.3 Proof of Proposition 1.(ii)
Under the assumption of the absence of growth shock, σ We evaluate this ratio at two values of λ. In one scenario, λ = 0.9 that is the share of liquidity-constrained households is very high. In the second scenario, the economy is populated only by the Ricardian households, i.e., λ = 0. Given the value of relative volatility of consumption of a Ricardian household with respect to output volatility, the volatility of total consumption with respect to output volatility Table 11 . The results indicate that as long as the economy contains a share of population of Ricardian type who can smooth consumption, the consumption volatility relative to output volatility is less than one under a transitory income shock. Also note that when λ = 0, that is the economy is populated by only Ricardian households, relative volatility of total consumption with respect to output is same as the relative consumption volatility of the Ricardian household.
B.4 Proof of Proposition 1.(iii)
Under the assumption of the absence of transitory income shock, σ We evaluate this ratio for a range of values of λ. The highest value of λ = 0.9 corresponds to the scenario when the share of liquidity-constrained households is very high. The lowest value that λ takes is 0. This scenario represents an economy with a matured financial system so that it is populated only by the Ricardian households. We also consider the values of λ used in the simulation exercise in section 4 to evaluate relative consumption volatility of Ricardian households and that of the entire economy. Given the value of relative volatility of consumption of a Ricardian household with respect to output volatility, the volatility of total consumption with respect to output volatility Table 12 . The results indicate that the relative consumption volatility with respect to output volatility of a Ricardian household always exceeds 1. The relative volatility of total consumption with respect to output volatility depends on the level of financial development. The relative consumption volatility may fall bellow 1 if the economy consists of a large fraction of liquidity-constrained households.
B.5 Proof of Proposition 1.(iv)
From Table 12 , it is evident that the volatility of consumption of a Ricardian household and that of the total consumption with respect to output volatility increases as share of liquidity constrained households in the economy declines.
